WHAT'S KNOWN ON THIS SUBJECT: Policies that govern nutrition standards of foods and beverages sold outside of federal meal programs ("competitive foods") have been associated with adolescent weight status in a small number of cross-sectional studies and pre-post analyses in individual states.
National medical organizations, [1] [2] [3] policymakers, 4, 5 and the federal government 6, 7 have called for bold policy initiatives to reduce adolescent obesity in the United States. Nearly one-fifth of 12-to 19-yearolds in the United States were obese in 2009 to 2010 (18.4%), 8 and the longterm effects of adolescent obesity on morbidity and premature mortality during adulthood are well documented. 9 As the US population ages, the public health and economic burden of obesity is expected to grow. [10] [11] [12] [13] Numerous interventions have attempted to reduce adolescent obesity by educating adolescents to be active and consume a healthy diet, but education-based interventions have had little success. 14, 15 Experts argue that education will not suffice without changing the contemporary "obesogenic" environment in which adolescents have countless sources of high-caloric-density, low-nutrient-density foods and beverages. [16] [17] [18] Schools have become a source of sugar-sweetened beverages (SSBs), candy, and other foods and beverages of minimal nutritional value. [19] [20] [21] Particularly at higher grade levels, school food environments include widespread availability of "competitive foods" 22 (foods and beverages sold outside of meal programs) that have historically been exempt from federal nutrition standards. 2 The Healthy, Hunger-Free Kids Act of 2010 requires, among several provisions, that competitivefoods besubjecttostandards set by the US Department of Agriculture (USDA) in schools that participate in federal meal programs. 23 Some experts questioned the potential impact of such policies by noting that students consume a relatively small proportion of their daily calories at school and can compensate for school changes by obtaining energy-dense foods elsewhere. [24] [25] [26] [27] Furthermore, school nutrition regulations are politically controversial, as illustrated by recent debates in Congress regarding proposed USDA school meal standards that are intended to align standards with current nutrition science. Dialogue on the topic has been limited by the lack of longitudinal evidence regarding the association between school nutrition policies and student weight status. Research has suggested that competitive food policies are associated with improvements in the school food environment, student dietary intake, or weight outcomes, [28] [29] [30] [31] [32] [33] [34] but most studies were cross-sectional or limited to individual states. A recent study reported no association between competitive food sales and weight gain, but it was based on school administrator surveys rather than independent review of codified laws. 35 Studies that analyzed weight outcomes also generally relied on self-reported height and weight, which can be misreported. 36 To address these limitations, this longitudinal study was designed to estimate the association between independently coded state laws governing competitive food nutrition content and withinstudent change in BMI and weight status,based onobjectiveheight and weight data collected from adolescents in 40 states. We estimated the association between baseline state laws and student weight change, aswell as the association between changes in state laws over time and student weight change.
METHODS

Competitive Food Laws
State codified laws regarding the availability of high-caloric-density, lownutrient-density foods and beverages in schools were obtained from the National Cancer Institute' s Classification of Laws Associated with School Students school nutrition scoring system. 37, 38 Statutory and administrative (regulatory) laws were compiled by using natural language and Boolean keyword searches of the full-text, table of contents, and indices for state laws available from Westlaw, a subscription-based legal research database. Our analyses were based on 6 different categories of laws: those governing nutrition content of competitive foods sold in (1) vending machines, (2) cafeterias (à la carte), and (3) other venues (eg, stores); and those governing nutrition content of competitive beverages in each of the 3 locations. Laws included regulations of specific nutrients (eg, fat content), specific beverage groups (eg, SSBs), and times of day when foods/beverages could be sold.
States were rated on a scale of 0 to 6 in each category of laws, independently and annually, beginning in 2003. Ratings reflected relative stringency, specificity, and strength of language of laws that were in place as of December 31 of that year. Laws governing different grade levels were rated separately. In any given year and grade level, most states applied the same laws across all venues rather than requiring restrictions only in specific venues. Because of the high withinstate correlation, we used the average of the 6 ratings as a comprehensive measure of state competitive food laws.
For the purpose of this study, stateswere categorized as having "strong" competitive food laws if their average rating was .2.0. The cut point was chosen because ratings .2 represent laws with specific, required standards, as opposed to laws that contained weak language (eg, "recommended" standards) or no specific guidelines (eg, references to "healthy" foods). Additional details on the law ratings criteria can be found elsewhere. 38 States with an average rating of 1 to 2 were categorized as having "weak" competitive food laws. We explored using a higher cut point to define strong laws (eg, 5.0), but there were not enough states with high ratings to support such an analysis.
Participants
Student data were obtained from the Early Childhood Longitudinal StudyKindergarten Class (ECLS-K). 39, 40 ECLS-K is a cohort that began as a nationally representative sample of kindergarten students in 1998 and was followed through 7 rounds of data collection. Analyses in this study were based on data from public school students measured in round 6 (fifth grade, Spring 2004) and round 7 (eighth grade, Spring 2007). Among the 8870 public school students who provided BMI data in fifth grade, 2570 were excluded from analyses because they enrolled in a private school (n = 130), moved states (n = 150), were missing data on eighth-grade school type (n = 220) or BMI (n = 390), or were lost to follow-up (n = 1680), leaving a final sample of 6300 students. Those excluded were less likely to be nonHispanic white (P , .001) and more likely to live in an urban area (P , .001) or be below the poverty line in fifth grade (P , .001). They did not differ from the study sample in terms of fifth grade BMI, obesity prevalence, or overweight prevalence. Forty states were represented in the study sample; individual states cannot be listed because of data license restrictions. States that were not represented did not differ from the sample with respect to state median income, poverty rate, adult education, or obesity prevalence, but tended to have weaker laws. ECLS-K researchers measured student weight and height in each survey round by using a digital scale and Shorr board, respectively. BMI was calculated (kg/m 2 ) and students were categorized as overweight or obese if their BMI was greater than or equal to the age-and gender-specific 85th or 95th percentiles, respectively, of the 2000 Centers for Disease Control and Prevention growth charts. 41 
Statistical Analysis
The independent variables of interest were 2003 state law category and changes in state laws from 2003 to 2006.
These years preceded the spring seasons when student data were collected. The dependent variables of interest were within-student changes in BMI (continuous), obesity status (binary), and overweight status (binary). Overweight status included students classified as obese. BMI was used in lieu of BMI percentile or z score because the variability of changes in BMI percentile and z score are associated with baseline values of these measures, 42 which can bias SE estimates.
General linear models with an identity link were used to estimate differences across 2003 middle school law categories (strong, weak, none) in each dependent variable. Middle school laws were used because students were enrolled in middle school for most of the follow-up period. When modeling obesity, the sample was separated into 2 groups (students who were not obese in fifth grade and students who were obese in fifth grade) and eighth grade obesity status was modeled in each group to estimate incidence and maintenance of obesity, respectively. The same approach was used when modeling overweight status. Models adjusted for gender, age, race/ethnicity (non-Hispanic white, nonHispanic black, Hispanic, non-Hispanic other), socioeconomic status (SES; measured by using an index that combined data on parental education, occupation, and income), 39 school locale (city, suburb, township/rural), Census region (South versus other), physical activity, and 2003 state adult obesity prevalence. 43 Eighth-grade physical activity was measured by asking students to report the number of days they engaged in at least 20 minutes of activity that made them sweat or breathe hard in the past week (fifth-grade activity was parent reported and therefore not used in longitudinal analyses because of inconsistent measurement across waves.) A robust SE was used to account for within-state clustering.
When analyzing 2003 to 2006 law changes, states were categorized by using 2 criteria. First, states were categorized based on whether their average rating for 2006 middle school laws was equal, higher, or lower compared with their average rating for 2003 elementary school laws ("no change," "new laws," or "weaker laws," respectively). The respective grade levels were chosen because our objective was to analyze the change that students experienced as they progressed from fifth to eighth grade, which represents a transition from elementary to middle school for most students. Second, the new laws category was subdivided into 2 categories (strong or weak) and the no change category was subdivided into 3 categories (strong, weak, none). The weaker laws category was not subdivided because of the small sample size. An individual-level fixed-effect model was used to estimate differences between categories in within-student changes in BMI, overweight, or obesity, adjusted for SES and locale.
As a supplementary analysis, we repeated these models by using changes in within-school purchasing of sweets, salty snacks, and SSBs as dependent variables (continuous). Each behavior was measured by asking students to report the number of times they purchased the food/beverage group in school within the past week. Analyses were conducted with Stata, Version 11 (StataCorp, College Station, TX). (Table 2) . Students in states with strong laws were less likely to remain overweight (risk difference = -4.8, 95% CI: -9.4, -0.1) or obese (risk difference = -7.7, 95% CI: -16.0, 0.6) from fifth to eighth grade, but the same was not true in states with weak laws. 
RESULTS
DISCUSSION
In this longitudinal analysis, state competitive food laws were associated with lower BMI change and lower risk of remaining overweightorobese over time in a racially and socioeconomically diverse sample of 6300 adolescents across 40 states. Law strength and consistency emerged as 2 key factors that influenced the association. Adjusted BMI gain was lowest among adolescents exposed to laws that contained specific, required standards that were consistent as students progressed from fifth to eighth grade, whereas adolescents exposed to weaker laws over time experienced the same BMI change as those neverexposed to competitive food laws.
Law strength and consistency are salient to ongoing attempts to improve nutrition content of school foods. The stringency of school nutrition standards has been a contentious topic among policymakers, and at the time of this study, the USDA was in the process of designing competitive food standards as part of the Healthy, Hunger-Free Kids Act of 2010. Our results suggest that competitive food laws had a relatively weak association with BMI change if they contained diluted nutrition standards that were nonspecific or not required. Consistency of competitive food standards is critical, given that competitive food policies tend to be weaker at higher grade levels. 44 Based on our results, elementary school laws may have a limited impact unless reinforced by strong codified laws at higher grade levels.
Interestingly, strong baseline state laws were associated with withinstudent BMI change and maintenance of overweight/obesity but not with incidence of overweight/obesity. This suggests that the association is not uniform across the BMI distribution.
There could be heterogeneity in the impact of competitive food laws if, for example, some students compensate by adjusting their dietary behaviors outside of school. Future research could use alternative statistical methods(eg, quantile regression) to explore how the association between laws and weight change varies by baseline BMI. Another potential source of heterogeneity is student lunch source, as students who bring food from home may not benefit from competitive food laws as much as students who purchase school foods. Either scenario would have implications for policymakers by suggesting who benefits from competitive food laws and whether laws must be complemented by initiatives in other sectors to target other students.
The association between laws and changes in within-school dietary purchases were in the hypothesized direction, although not always statistically significant. This is not surprising for several reasons. Unlike BMI, purchasing data were self-reported and more vulnerable to measurement error, 45 which may bias estimates toward the null. Different states with strong laws may target different food/beverage groups, further weakening the overall association between laws and specific food/ beverage groups. Finally, questions about purchasing did not distinguish between specific types of foods, such as high-fat versus low-fat sweets, and questions measured frequency of intake but not extent of intake. Future research should use more precise dietary assessment instruments (eg, 24-hour recall) to examine the association between competitive food laws and consumption of specific foods, beverages, and nutrients.
Our analyses incorporated 6 different laws targeting competitive foods and beverages in different settings. The results thus support policy evaluations that concluded that policies were effective if they addressed all aspects of the school food environment. 29, 33, 34 The caveat, however, is that within-state correlation between laws makes it impossible to disentangle the 6 laws to identify the source of any effects. The observational design precludes us from making any causal inferences, but even if one could conclude that laws caused lower weight gain, one could not determine if the cause was because of the laws' cumulative impact or 1 law having an exceptionally strong impact. Another factor to consider is that laws on different governing levels were being implemented during the same year that eighth-grade ECLS-K data were collected. Physical activity was a potential confounder in analyses of law changes, as we could not control for it in these models owing to changes in activity measures across grades. We also were unable to assess whether any differences in weight gain are maintained during the summer when students are not in school.
Finally, we did not analyze adherence to laws, although several studies have reported that state competitive food laws were associated with healthier school food environments. [49] [50] [51] [52] [53] We also encourage future studies to examine whether students who reside in states with particularly stringent standards (eg, lower limits on fat or sugar content) experience less BMI change. Few states had such stringent standards in 2003, prohibiting us from using stricter criteria to define strong laws. As laws continue to evolve, future studies could compare BMI change in states with different standards. The final decision about whether a report is eligible for credit rests solely with the ABP. The Quality Reports section of Pediatrics focuses on improving care towards specific aims using rigorous quality improvement methods, as required by the ABP. We are excited to be able to share this opportunity with authors of Quality Reports, who have not only improved care but have shared their findings with others to help spread innovation and foster further improvements in care.
CONCLUSIONS
